
% Office I 

V — 



PRIORITY 
DOCUMENT 

SUBMITTED OR TRANSMITTED IN 
COMPLIANCE WITH RULE 17.1(a) OR (b) 



PCT/fiB 02/05668 




INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Card iff Road 
Newr. ort 
Souti 
NPK 



SEP 2002 



PCT 



I the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
of the Deregulation & Contracting Out Act 19?4, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
Tafn ° e ^? te m a^PaW documents has re-registered under the Companies Act 
™ ?J, same name as that with which it was registered immediately before re- 
registotion save for the substitution as, or inclusion as, the last part of the name of the words 
public limited company or their equivalents in Welsh, references to the name of the company 

wit? JEP? aCC ° mpanying d0CUments shaU to 38 refe ™ces to the name 

with which it is so re-registered. 

STp!^ M te m,es ' ** words " pubIic ,imited company " may be rep,aced by p - u - • 

rtlZSEZ ^ ** C ° mpanieS ACt d0GS DOt COnstitute a new ^ en % but merely 
subjects the company to certain additional company law rules. 



Dated 19 August 2002 



An Executive Agency of the Department of Trade and Industry 



mm E6521DM7 wmL 



Patents Fonn 1/77 



Patents Act 1977 
(Rule 16) 



• RtSSfc ■ 

I Office I 
V 



Request for grant of a patent 

(See the notes an the back of this fonn. You can also get 
explanatory leaflet bom the Patent Office to bdpyoaDn 
Ibis umn) 




I / / 
/II 



The Patent Office 



Cardiff Road 
Newport 
South Wales 



1. Your reference ~ 

P012125GBATM 


2. Patent application number ACC7 7 

(The Pa tent Office will HI in this part) Ul 1 wOD / ml ' 

i 




3. Full name, address and postcode of the or of Medical Research Council 
each applicant (imderline aU surnames) 20 Park Crescent 

London 
W1N4AL 




Patents ADPnumber (ifyouknowit) S^Vo^SL^c^\ 

If the applicant Is a corporate body, give the 

country/state of its incorporation United Kingdom 




4. Title of the invention ™ ~ 

Molecule 



5. Name of your agent (if you have one) D Young & Co 

"Address for service" in the United Kingdom o, xr 
to which all correspondence should be sent 21 NeW Fetter ^ 

London 

EC4A IDA 



59006 



/ 



Patents ADP number (if you know JO 



6. If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 



7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



8. Is a statement of inventorship and of right 

to grant of a patent required in support of Yes 
this request? (Answer Yes' it 

a) BnyappUcar^ named in part 3 not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
Sea note (d)) 



Country Priority application number Dateoffillng 

(ifyouknowit) (day /month /year) 



Numberofearlierapplicadon Dateoffiling 

(day /month /year) 



Patents Form 1/77 



Patents Form 1/77 



9. Enter the number of sheets for any of the 
following items you are filing with this form. 
Do not count copies of the same document 



Continuation sheets of this form 


0 




Description 


43 




Claim (s) 






Abstract 






Drawing (s) 


17 


+ n ^ . 


10. If you are also filing any of the following, 
state how many against each item- 






Priority documents 


0 




Translations of priority documents 


0 




Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 


0 




Request for preliminary examination 
and search (Patents Farm 9/77) 


0 




Request for substantive examination 
(Patents Form 10/77) 


0 




Any other documents 

(phase specify) 


0 





1 1. I/We request the grant of a fluent on the basis of this application. 



D Young & Co (Agents for* the Applicants) 



Signature J) ^ f ****\£Z~ Date 10 August 2001 



12. Name and daytime telephone number of , ^ , 

person to contact in the United Kingdom Chong-YeeKhoo 023 80719500 



Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been Bled at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 08459 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant partfs). Any continuation sheet should be 
attached to this form. 

d) If you have answered 'Yes' Patents Form 7/77 will need to be Wed 

e) Once you have filled in the form you must remember to sign and date it. 

f) For details of the fee and ways to pay please contact the Pa tent Office. 



Patents Form 1/77 



1 

MOLECULE 

Field 

The present invention relates to polypeptides, and in particular molecules capable 
of stabilising native conformations of a polypeptide. 

Background to the Invention 

The maintenance of a tertiary structure is crucial for protein activity. Thus, the 
conformation of a plays an essential part in its ability to bind another molecule, or for its 
enzymatic activity. When protein conformation is disrupted, for example, by denaturation, 
activity may be lost 

The tumour suppressor protein p53 plays a key role in the protection of cells from 
cancer. It is a transcription factor, which exists in low levels in normal cells and is induced 
in response to DNA damage or to other conditions under which there is a danger to normal 
cell growth (reviewed in Hupp et a/., 2000; Sigal and Rotter, 2000). Following the 
increase in its cellular level, p53 activates several genes, and triggers cellular processes 
that prevent the proliferation of the genetically impaired cells. This is achieved by 
mediating cell-cycle arrest or by apoptosis. 

More than 50% of human cancers have mis-sense mutations in the gene coding for 
p53 that result in its inactivation (Hainaut and Hollstein, 2000). Nearly all such mutations 
are in the DNA-binding core domain (Hainaut and Hollstein, 2000). The six most frequent 
cancer-associated mutations are the "hot-spots" R175H, G245S, R248Q, R249S, R273H 
and R282W. Based on the crystal structure of p53 core domain (Cho et ai, 1994), these 
mutations can be divided into two categories: (1) DNA-contact mutations (R248 and 
R273), which result in loss of DNA-binding residues, and (2) "structural mutations", 
which result in structural changes in p53 core domain that can range from local distortion 
to complete unfolding. A new assessment of the mutation database (Bullock et al y 2000), 
based on thermodynamic stability and DNA binding properties of the mutants, classifies 
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three broad phenotypes: (I) DNA-contact mutations that have little effect on 
folding/stability (e.g. R273H) (ii) mutations that cause a local distortion, mainly in 
proximity to the DNA binding site (e.g. R249S, which are usually destabilised by <2 
kcal/mol); and (iii) mutations that cause global unfolding (e.g. mutations in the core 
5 domain sandwich) that are destabilised by >3 kcal/mol. 

Activation of mutant core domain by short peptides derived from the regulatory C- 
terminal domain of p53 (Abarzua et a/., 1996; Hupp etal, 1995; Selivanovae/a/., 1997; 
Selivanova et aL, 1999) has been proposed as a means to stabilise p53. These peptides 
work by specifically regulating the core domain activity rather than stabilising it. 
1 0 Accordingly, such prior polypeptides are not relevant to the invention disclosed here. 

It is a problem in the art to provide a means to rescue p53 mutants, and other 
mutants in tumour suppressor proteins, to restore tumour suppression activity for cancer 
therapy. Mutations in oncogenes are also known to cause tumour activity. It is a further 
problem in the art to provide means to rescue such oncogenic mutations. 

15 Summary 

We have realised for the first time that different classes of mutants of tumour 
suppressor proteins and oncogene proteins require different rescue strategies. In order to 
rescue DNA contact mutants of tumour suppressor proteins, for example, there is a need to 
introduce functional groups that will establish new contacts with the DNA, compensating 
20 for the missing contacts. We have discovered that rescue of globally unfolded or locally 
distorted mutants may be achieved by stabilisation that will lead to refolding of the 
mutant, which in turn will lead to restoration of the wild-type p53 activity. 
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It has been reported that the rescue of mutant p53 may be achieved by small 
molecules, e.g. CP-3 1398. CP-3 1398 is said to stabilise only newly synthesised p53 that is 
in the active conformation, which then allows the time dependent accumulation of this 
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fraction (Foster etal, Science, vol 286, 1999, 2507-2510). However, we and others have 
not found that CP-31398 does not in fact work to stabilise active conformations of p53. 

We therefore provide for the first time a molecule which is capable of binding a 
native conformation of a protein, such that the binding stabilises the native conformation. 
5 We term such a molecule a "stabilising molecule". Stabilisation of the native conformation 
enables the equilibrium between an unfolded, denatured and/or inactive conformation of 
the polypeptide and a properly folded, native and active form to shift towards the latter. 
Accumulation of native protein therefore results. 

There is provided, according to a second aspect of the present invention, a method 
1 0 of increasing the concentration of a native state of a reversibly denatured polypeptide in a 
system, in which the system comprises the polypeptide in a first native state and a second 
denatured state, the method comprising: (a) providing a stabilising molecule which binds 
to the polypeptide at a site which at least partially overlaps a functional site in the first 
native state and thereby stabilising the first native state of the polypeptide; and (b) 
1 5 allowing the stabilising molecule to bind to the polypeptide. 

We provide, according to a third aspect of the present invention, a method of 
restoring a wild type phenotype of an organism comprising a mutation in a polypeptide, in 
which the mutation leads to denaturation of the polypeptide and a mutant phenotype, the 
method comprising exposing the organism or part of the organism to a stabilising 
20 molecule which binds to the polypeptide at a site which at least partially overlaps a 

functional site in its native state and thereby stabilises the native state of the polypeptide. 

As a fourth aspect of the present invention, there is provided a method of treatment 
of a disease in a patient, in Which the disease is caused by or associated with a mutation in 
a polypeptide which leads to denaturation of the polypeptide, the method comprising 
25 administering to the patient a stabilising molecule which binds to the polypeptide at a site 
which at least partially overlaps a functional site in its native state and thereby stabilises 
the native state of the polypeptide. 
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In a preferred embodiment, the stabilising molecule is not a natural binding partner 
of the polypeptide. Preferably, the stabilising molecule consists of a fragment of a natural 
binding partner of the polypeptide. More preferably, the stabilising molecule is a 
polypeptide engineered to include a polypeptide binding domain, preferably a binding 
5 loop, of a natural binding partner of the polypeptide. 

The stabilising molecule may be exposed to polypeptide or the system in presence 
of a natural binding partner of the polypeptide. Preferably, the affinity of binding between 
stabilising molecule and the polypeptide or binding site is less than the affinity of a natural 
binding partner of the polypeptide and the polypeptide or the binding site. More 
10 preferably, binding between the stabilising molecule and the binding site stabilises the 

polypeptide to enable binding between the polypeptide and a natural binding partner. Most 
preferably, binding between the polypeptide and the natural binding partner stabilises the 
native state of the polypeptide. 

We provide, according to a fifth aspect of the present invention, a method of 
1 5 assisting the binding between a polypeptide and a natural binding partner for the 
polypeptide, the method comprising stabilising a native state of the polypeptide by a 
method according to any preceding claim, and exposing the stabilised polypeptide to the 
natural binding partner. 

The present invention, in a sixth aspect, provides a method of assisting the binding 
20 between a polypeptide and a first molecule, in which the polypeptide exists in a native 
state and a-denatured state, the method comprising: (a) providing a second stabilising 
molecule capable of binding to a site which at least partially overlaps a functional site in 
the native state of the polypeptide; (b) allowing the second stabilising molecule to bind to 
the polypeptide to form a complex and thereby stabilising the native state of the 
25 polypeptide; (c) exposing the polypeptide and bound second stabilising molecule complex 
to the first molecule; and (d) allowing the first molecule to bind to the polypeptide and 
thereby displacing the second stabilising molecule. 




The functional site preferably comprises or at least partially overlaps with o a 
structural domain, a protein binding domain, a nucleic acid binding domain, or an active 
site of an enzyme. More preferably, the functional site is essential to the structure or 
activity, or both, of the polypeptide. 

5 In a highly preferred embodiment of the invention,.the polypeptide comprises an 

oncogenic protein or a tumour suppressor protein; Preferably, the polypeptide is p53 . More 
preferably, the polypeptide is p53 which comprises a mutation, preferably R175H, G245S, 
R248Q, R249S, R273H and R282W, in which the mutation leads to reversible 
denaturation of the polypeptide. 

10 The stabilising molecule may comprise a CDB3 polypeptide having the sequence 

REDEDEIEW. 

In a seventh aspect of the present invention, there is provided a stabilising 
molecule which binds to and stabilises the native state of a polypeptide, but not a 
denatured state of the polypeptide, in which the stabilising molecule binds to a site which 
15 at least partially overlaps a functional site of the polypeptide, and in which the stabilising 
molecule does not consist of a natural binding partner of the polypeptide. 

Preferably,, the polypeptide is p53. More preferably, the polypeptide is p53 which 
comprises a mutation, preferably R175H, G245S, R248Q, R249S, R273H and R282W, in 
which the mutation leads to reversible denaturation of the polypeptide. Most preferably, 
20 the stabilising molecule comprises a CDB3 polypeptide having the sequence 
REDEDEIEW. 

According to an eighth aspect of the present invention, we provide a method of 
identifying a stabilising molecule capable of stabilising a polypeptide, in which the 
polypeptide may be reversibly denatured such that it exists in a native state and a 
25 denatured state, the method comprising the steps of: (a) providing a native state of the 
polypeptide comprising a functional site; (b) exposing the polypeptide to a candidate 
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stabilising molecule; (c) selecting a candidate stabilising molecule which binds to a ate 
which at least partially overlaps a functional site of the native state of the polypeptide; and 
(d) detennining whether such binding stabilises the native state of the polypeptide. 

We provide, according to a ninth aspect of the invention, a method of identifying a 
stabilising molecule capable of stabilising a polypeptide, in which the polypeptide may be 
reversibly denatured such that it exists in a native state and a denatured state, the method 
comprising the steps of: (a) identifying a functional site of the polypeptide and providing a 
polypeptide fragment comprising the functional site; (b) selecting a candidate stabilising 
molecule which binds to the polypeptide fragment at a site which at least partially overlaps 
a functional site; (c) determining whether the selected candidate stabilising molecule 
stabilises a native state of a polypeptide. 

The polypeptide fragment may comprise the functional site includes a binding site 
for a natural binding partner of the polypeptide. 

There is provided, in accordance with a tenth aspect of the present invention, a 
stabilising molecule capable of stabilising a polypeptide, which is identified by a method 
according to the previous two aspects of the invention. 

A stabilising molecule as described here preferably comprises a natural or 
derivatised carbohydrate, protein, polypeptide, peptide, glycoprotein, nucleic acid, DNA, 
RNA oligonucleotide or protein-nucleic acid (PNA). Tne methods as described here may 
employ such a derivatised or natural stabilising molecule. More preferably, the stabihsmg 
molecule is derivatised with a sugar, phosphate, amine, amide, sulphate, sulphide, biotin, a 
fluorophore or a chromophore. Most preferably, the stabilising molecule is derivatised 
using a fluorophore, preferably fluorescein. 

The binding of a stabilising molecule to the polypeptide may be detected using 
95 NMR spectroscopy, preferably heteronuclear NMR spectroscopy, fluoresecence 

anisotropy, surface plasmon resonance, or Differential Scanning Calorimeuy (DSC). 
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As an eleventh aspect of the invention, we provide a stabilising molecule according 
to the relevant previous aspects of the invention for use in the treatment of a disease. 

We provide, according to a twelfth aspect of the invention, there is provided a 
pharmaceutical composition comprising a stabilising molecule as described here together 
5 with a pharmaceutical^ acceptable carrier, diluent or exipient. 

According to a thirteenth aspect of the present invention, we provide use of 
stabilising molecule as described here in the manufacture of a medicament for treatment of 
a disease. 

There is provided, according to a fourteenth aspect of the present invention, use of 
1 0 a stabilising molecule as described here in the treatment of disease. In a highly preferred 
embodiment of the invention, the disease is cancer. 

Brief Description of the Figures 

Figure 1 shows the crystal structure of the p53 core domain (blue)-53BP2 (red) 
complex (coordinates taken from Gorina and Pavletich, 1996) with the three 53BP2 
15 " derived peptides synthesized for this study highlighted : CDB1 (residues 422-428) - green, 
CDB2 (residues 469-477) - yellow, CDB3 (residues 490-498) - purple. Picture is 
generated using swissPDB viewer (Guex and Peitsch, 1997). 

Figure 2 shows a 1H, 15N HSQC spectra of p53 core domain in the presence (red) 
and the absence (black) of CDB3. Selected residues that show significant chemical shift 
20 deviation in presence of CDB3 are highlighted. 

Figure 3: shows the binding of p53 core domain to immobilised peptides analysed 
by surface plasmon resonance, (a) Screening for p53 core domain binding peptides.- 
Biotinylated peptides are immobilised on a streptavidin BIAcore chip and p53 core 
domain (7.2 \xM) is injected. The values shown are normalised by the response upon p53 



8 



injection to the flow channel without any immobilised peptide. 

(b) Concentration dependence of p53 core domain binding to immobilised CDB3. 

(c) Titration of CDB3 binding to p53 core domain by competition BIAcore. The 
concentration of free p53 core domain (reflected by association rate in binding to 
immobilized CDB3) is analyzed by BIAcore after incubation of 0.2uM p53 core domain 
and various concentrations of free CDB3. 

Figure 4 shows the chemical shift changes ( d) in p53 core domain upon binding 
to CDB3. (a) >H and ,S N Chemical shift deviations plotted against residue number. 
Deviations above 5 times the standard deviation ( 9>0.25 ppm for I5 N and 3>0.05ppm 
for l H) are considered significant (white background), d differences between 2.5 times 
and 5 times the standard deviation (0.125< 3<0.25 ppm for 1S N, 0.025< <K0.05ppmfor 
•H) are considered as minor (tight grey background), and d differences below 2.5 times 
the standard deviation ( 5<0.125 ppm for ,5 N and 90.025 ppm for >H) are considered 
insignificant (dark grey background). 

(b) Chemical shift changes in the p53 core domain structure upon CDB3 binding. 
Residues with significant chemical shift changes are coloured blue, residues with minor 
changes are coloured purple and residues with no change are coloured yellow. CDB3 in its 
original position in the 53BP2-p53 complex is shown inred (coordinates taken from 
(GorinaandPavletich, 1996)). 

Figure 5 shows the CDB3 binding to p53 core domain analysed by anisotropy and 
fluorescence, (a) Wild-type and mutant p53 core domain are titrated into a fluorescein- 
labeled CDB3 (4.6 uM). Changes in anisotropy are monitored and analysed, (b) 
Competition experiment where unlabeled or biotinylated CDB3 are titrated into 0.50 uM 
fluorescein-labeled CDB3 and 2.0 uM p53 core domain wild-type (■ and , 0.2frmM and 
2.6 mM unlabeled CDB3, respectively, and •, 0.24 mM biotinylated CDB3). 

Figure 6 shows the stabilisation of p53 core domain by FL-CDB3. (a) differential 
scanning calorimetry. The apparent T m of wild-type and R249S core domain in the 
presence or absence of FL-CDB3 is determined as described in materials and methods. For 
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the wild-type core domain r m =40. 1 °C in the absence of the peptide and 4l .6 °C in its 
presence. For R249S 7^=34.9 °C in the absence of the peptide and 35.9 °C in its presence. 
Raw data are shown and are offset for clarity, (b-c) Urea dependence of p53-CDB3 
binding. Wild-type p53 core domain is titrated into fluorescein-labeled CDB3 in presence 
5 of increasing urea concentrations, and changes in anisotropy are monitored, (b) anisotropy 
titration curves under various urea concentrations (c) log K& for the p53 core domain- 
CDB3 interaction versus urea concentration (d) CDB3 induces refolding of p53 core 
domain. Wild-type p53 core domain is pre-incubated overnight with 3 M urea, then mixed 
with fluorescein-labeled CDB3 and the anisotropy change over time is monitored. As a 
1 0 control, the same protein is mixed with 3M urea and with fluorescein-labeled CDB3 
without pre-incubation and anisotropy changes over time are monitored. 

Figure 7 shows the "Chaperone" strategy for rescue of p53. (a) DNA competes 
with FL-CDB3 on p53 core domain binding. 30-mer gadd-45 DNA (+ = 25^M, ■ =5\M) 
is titrated into a mixture of p53 core domain-FL-CDB3 as described in materials and 

1 5 methods, (b) The chemical shift changes ( d) in p53 core domain upon binding to 12-mer 
DNA. Residues that are shifted so far that they could not be re-assigned are coloured red, 
residues with significant chemical shift changes ( d>025 ppm for 15 N and 9>0.05ppm 
for *H and see legend for figure 4) are coloured blue, and residues with no change are 
coloured yellow (coordinates taken from (Gorina and Pavletich, 1996)). Picture is 

20 generated using swissPDB viewer, (c) A schematic model of the proposed mechanism of 
action for CDB3. See text for details. 

Detailed Description of the Invention 

The invention relies on the provision of a stabilising molecule which is capable of 
binding to a native form of a polypeptide, thereby stabilising it. 

25 Where the polypeptide exists in equilibrium between a native, properly folded or 

active form and a denatured, unfolded or inactive form, binding of the stabilising molecule 
to the native form of the polypeptide stabilises it and drives the equilibrium towards the 
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folded, active or native form. Thus, the stabilising molecule is capable of increasing the 
relative concentration of a native form of a polypeptide as compared to a denatured form. 
Such a stabilising molecule will bind the native, but not the denatured state of the 
polypeptide. The law of mass' dictates that in such a case the equilibrium will be shifted 
5 towards the native state and the amount of active protein will increase. 

Preferably, the polypeptide is reversibly denatured. In other words, a proportion of 
the polypeptide molecules in any system is in the native, folded, or active form, and a 
proportion of the polypeptide molecules is in the inactive, unfolded (whether partially or 
My) or denatured form. Such denaturation may arise though various means, and the 
10 invention is suitable for use in any of these situations. Thus, the polypeptide may be 
exposed to an environment which results in its denaturation; for example, by being 
exposed to a non-physiological environment. The polypeptide may be oxidised by 
exposure to air, or denatured by exposure to heat, high or low salt concentrations, etc. The 
polypeptide may be denatured by virtue of a co-factor being removed from it 

15 In a highly preferred embodiment, however, the reversible denaturation of the 

polypeptide results from genetic mutation. Thus, a mutation in the sequence of the 
polypeptide results in its destabilisation and tendency to denature. Preferably, such a 
• mutation results in loss of activity of the polypeptide. The mutation may result in a mutant 
phenotype of the polypeptide, or cell, tissue or organism comprising the mutant 

20 phenotype, such a mutant phenotype being different in some detectable way from a wild 
type phenotype associated with a unmutatated or wild type polypeptide. The methods of 
our invention are therefore suitable for rescuing such a mutant phenotype. These methods 
may also be used to rescue a mutant form of a protein, for example, an oncogene protein 
or a tumour suppressor protein, by a stabilising molecule binding to the native state of the 

25 protein, but not the denatured state, and thereby shifting the equilibruim which exists 
between the two forms to the native state. 

It is known that mutated forms of.oncogenes and tumour suppressor proteins are 
involved in tumourogenesis. As noted above, such mutations may lead to partial 
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denaturation of the polypeptide and loss of activity. Therefore the methods of our 
invention are suitable for stabilising such mutated oncogenes and/or tumour suppressor 
proteins and restoring wild type activity. Accordingly, the methods described here are 
suitable for rescuing wild type activity of oncogenes and tumour suppressors, and hence of 
5 preventing tumourogenesis and/or cancer. Preferably, the oncogene comprises p21ras, or 
any other oncogene known in the art Preferably, the tumour suppressor comprises p53 or 
- retinoblastoma protein. The p53 may comprise a mutation leading to partial denaturation, 
preferably reversible denaturation. Examples of such mutations include R175H, G245S, 
R248Q, R249S, R273H and R282W.. 

10 Furthermore, it is known that many diseases are caused by or associated with 

polypeptide mutations, which mutations may lead to destabilisation and reversible 
denaturation of the protein. Administration of a stabilising molecule as described here to a 
patient suffering from such a disease will stabilise the native form of the polypeptide^ and 
increase the amount or relative concentration of the native form over the denatured form. 

1 5 Accordingly, administration of stabilising molecules may be used to treat diseases 
associated with or caused by such mutations. 

In a highly preferred embodiment, the stabilising molecule binds to a site which 
comprises or at least partially overlaps a functional site in the polypeptide. Preferably, the 
site at which -the stabilising molecule binds overlaps or consists of the functional site. Such 
20 a functional site preferably comprises a site which is essential for a relevant activity of the 
polypeptide. The functional site may also be essential for the structure of the polypeptide. 
The functional site may be an interaction site, which interacts with another molecule in the 
cell, such as a natural binding partner of the polypeptide including another polypeptide, a 
small molecule, a ligand, a macromolecule, a nucleic acid, etc. 

25 Examples of such functional sites include active sites, or substrate binding sites, 

where the polypeptide is an enzyme. In the case of binding proteins, the functional site 
comprises, or at least overlaps, a binding site or binding domain of the polypeptide. Thus, 
in the case of nucleic acid binding sites, the functional site comprises a nucleic acid 
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binding site, such as a DNA binding site in a DNA binding protein, or an RNA binding 
site in a RNA binding protein. Where the polypeptide interacts with another polypeptide, 
i e has polypeptide binding activity, the functional site preferably comprises a 
polypeptide interaction domain or sequence, i.e., it includes, overlaps, or is a sequence 
which interacts with another polypeptide. 

Preferably, therefore the stabilisation of the native state of the polypeptide enables 
the binding of another molecule to the polypeptide. This other molecule is preferably a 
different molecule or unrelated molecule to the stabilising molecule. Thus, stabilisation of 
the polypeptide^ the stabilising molecule preferably enables a proper conformation of 
the functional site to be maintained in the polypeptide, to allow the binding of the other 
molecule. Preferably, the other molecule is a natural binding partner of the polypeptide, 
for example, a DNA where the polypeptide is a DNA binding protein. 

Thus, the stabilising molecule is capable of competing with the binding of a natural 
binding partner of the polypeptide for binding to the polypeptide or the functional site. 
Preferably, however, the affinity of binding of the stabilising molecule to the polypeptide 
is less than the affinity of binding of a natural binding partner to the polypeptide. Thus, the 
natural binding partner is capable of displacing the stabilising molecule from the 
functional site, or the binding site of the natural binding partner. Thus, in this preferred 
embodiment, the binding of the stabilising molecule to the polypeptide stabilises the native 
state of the polypeptide for long enough to enable binding of the natural binding partner to 
the polypeptide. 

Binding of the stabilising molecule to the native state shifts the equilibrium to this 
state Preferably, therefore, the stabilising molecule does not require energy for its 
stabilising stabilising activity. The stabilising molecule as described here does not actively 
25 refold the polypeptide, in contrast to classic chaperone activity. 

Preferably, the functional site exists only in the native, active or properly folded 
form of the polypeptide. More preferably, the functional site does not exist in the 
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denatured form of the polypeptide. Preferably, the affinity of binding of the stabilising 
molecule to the native form of the polypeptide is greater than the affinity of binding to the 
denatured form of the polypeptide. In a highly preferred embodiment, the stabilising 
molecule substantially only binds to the native form and not the denatured form of the 
5 .polypeptide. 

While small stabilising molecules are included, preferred stabilising molecules 
comprise polypeptides, preferably derived from natural binding partners of the polypeptide 
to be stabilised. This overcomes the difficulty and expense of synthesising small 
molecules. In addition, it is often difficult to scale up the synthesis procedure of identified 
10 small molecules. 

Although natural binding partners of the polypeptide to be stabile 
as stabilising molecules, a highly preferred embodiment relies on the use of a stabilising 
molecule which is not a natural binding partner of the polypeptide. By this we mean that 
the stabilising molecule is preferably an engineered molecule, which does not exist in 

1 5 nature, but which is capable of binding to the polypeptide in its native form and stabilising 
it. Engineered stabilising molecules may be generated by means known in the art, 
including recombinant DNA technology. They preferably comprise or consist of fragments 
of natural binding partners, preferably fragments comprising binding activity. Thus, for 
example, where the stabilising molecule is a polypeptide, this suitably consists of or 

20 comprises a polypeptide binding sequence, loop or domain. An example of this is a 
stabilising molecule consisting of CDB3, which is a fragment of a p53 binding 
polypeptide 53BP2 (accession number NM_005426.1). 

One skilled in the art will appreciate that the stabilising molecule may act in 
isolation in the rescue of mutant proteins. Alternatively, it may act in conjunction with 
25 another peptide, or other stabilising molecule in the rescue of the protein. There may be an 
additive effect between one or more peptides or molecules, alternatively they may act 
synergistically. 



14 



In a preferred embodiment, the polypeptide is an oncogenic protein or a tumour 
suppressor protein, preferably a mutant oncogenic protein or a mutant tumour suppressor 
protein. Advantageously, the protein is p53, preferably a mutant of p53. The tumour 
suppressor protein may comprise retinoblastoma protein (RBI Those skilled in the art will 
appreciate this list is by no means exhaustive. 

The binding of the stabilising molecule to the native polypeptide may detected 
using any suitable means known in the art. Preferred means include physical methods such 
as NMR spectroscopy. In a preferred embodiment the NMR involves the use of 
heteronuclear NMR spectroscopy. The binding may also be detected using surface 
plasmon resonance. Alternatively, the binding of the stabilising molecule to the native 
form of the polypeptide is detected using Differential Scanning Calorimetry (DSC) and or 
fluorescence anisotropy. All of these methods will be familiar to those skilled in the art 
and are described in detail in this document 

In an alternative embodiment, the binding of the stabilising molecule to each state 
of the polypeptide, i.e., native or denatured, may be detected by examining the fraction of 
the polypeptide sample which expresses an epitope for one or more monoclonal 
antibodies, which epitopes are only present in one form of the polypeptide. Other suitable 
methods for detecting conformational changes in proteins include, but are not limited to 
electrophoresis and thin-layer chromatography. Those skilled in the art will be aware of 
other suitable methods. 

In a particular embodiment, the polypeptide comprises a DNA binding protein. A 
mutated form of the DNA binding polypeptide comprises a denatured form which is 
incapable of binding DNA. A stabilising molecule is provided which binds an unfolded or 
distorted oncogenic protein which is unable to bind DNA and shifts the equmbruim which 
exists between the denatured state "and the native 'wild-type' state towards the latter. DNA 
can then bind the mutated protein, displacing the molecule, which is preferably a peptide, 
so that it is free again to bind another protein molecule. 



